Abstract. This paper presents the investigations on lap shear galvanized steel joints bonded by two structural adhesives (acrylic and epoxy) with two thicknesses of the bondline. The effect of the temperature on the shear strength of the adhesives when the joints are short-term-loaded is the main objective of the investigations. The partial factors of the limit states as well as the conversion factors that cover the use conditions and circumstances and particularly the temperature commonly used in the respective standards; the direct evaluation method and prediction model-based method. A comparison between the results obtained by these methods is presented.
Introduction
Despite the advantages of the adhesive bonding technique, are still not able to use it in their practical applications besteel joints. These doubts are mainly because of the lack of standards for verifying such joints in steel constructions and also the lack of describing the loss of strength and durability of adhesive materials due to the environmental effects, mainly temperature and humidity, and the long-term loading. Recently, efforts have been made to in some applications in steel and aluminium structures (Pasternak, Meinz 2007 , 2008 Piekarczyk, Grec 2012) . These researches have shown that this technique is promising to be used in steel structures. However, for wider use, validation of the design rules for structural adhesive bonded joints according to the respective standards has to be done. Using allowable stress method in the design of adhesive joints has the disadvantage of not taking the statistical nature of both load actions and the resistance into account (Van Straalen et al. 1998) . Consequently, concept, instead, can be used for considering the statistical nature with consistent safety margins.
The increase of temperature, according to some reproperties such as ultimate strength (Osanai, Reis 2012; Pasternak et al. 2012) , elasticity modulus and stiffness (Cease et al. 2006 ). It results not only in change of the adhesive behavior from brittle into ductile, but also in change of the failure mode of bonded connections from cohesive to adhesive (Sahellie, Pasternak 2013) . Moreover, adhesive materials can be considered as sensitive to the so-called rheological phenomena such as creep and shrinkage which may result in shortening of their durability (Majda, Skrodzewicz 2009; Boyes 1998) . These effects have to be taken into consideration when designing the bonded joints by determining appropriate quantitative parameters. This can be done by the use of the structural reliability method (Van Straalen 2001) . This method guarantees the reliability level of the structure (the bonded joint) by taking into account the stochastic nature of the strengths of the joint components. It can also be used to validate a prediction model (analytical model) that describes the structural behavior of the bonded joints under prescribed conditions (Van Straalen, Van Tooren 2002; In this paper, the partial factors as well as the conversion factor of the temperature effect on the shear strength of lap shear steel joints bonded by acrylic and epoxy adhesives are determined for two thicknesses of the bondline 0.35 mm and 0.65 mm and within a tem--tive values are determined by evaluating the tests results data at different temperatures using the direct evaluation prediction models that describe the change of the shear strength of the studied adhesives due to the temperature change following to the standard procedure recommended by EN 1990 by EN :2002 by EN (2002 together with the systematic approach developed by Van Straalen (2001).
Reliability-based evaluation for structures
One of the evaluation methods, that is based on the structural reliability method, is the partial factor format which is commonly utilized to validate the use of structural materials and the design rules for structural applications. The strength of a structural material can be evaluated either directly from the test results (direct evaluation method), or by evaluating prediction models describing the change models-based evaluation). One of the methods that may be applied in the partial factor format is the Bayesian method which determines the representative values (characteristic and design values) of the strength values (ISO and the conversion factors of the limit states can be estimated for an intended structural reliability level (EN 1990 (EN :2002 (EN 2002 . the structure is no longer safe. It can be mathematically expressed by:
in which, R is the resistance and E is the action effect. If 0 Z (or R E ), then the structure is safe and no failure occurs. The reliability of the structure is validated when the highest predicted action effect is still less than or equal to the smallest predicted resistance over the intended lifetime of the structure. This can be expressed by the design and characteristic values of the action effect E d , E k and of the resistance R d , R k as shown in Eqn (2):
where E and R are the partial factors of the action effect and the resistance respectively which take the stochastic nature of the action effect and the resistance into account, while is the conversion factor that takes into account the change of the resistance over the lifetime intended. The design and characteristic values of the action effect and the resistance have to be probabilistically and These values of the resistance, for example, could be taken at target probabilities of 5% and 0.1% respectively, further details are found in the mentioned standards.
2. Shear by tension tests of adhesively-bonded steel joints 2.1. Studied joint Double lap shear joints, whose geometry shown in Figure 1 , were selected. The common hot-dip galvanized be the external and internal adherends, respectively. The investigated adhesives are the two-component cold-cure area for each side is 16×16 mm. Two thicknesses of the adhesive layer (0.35 and 0.65 mm) were studied. These thicknesses were achieved by the use of one-sided adhesive strips, as shown in Figure 1 .
The adhesives were applied according to the recommendations of the manufacturer 3M Scotch-Weld TM . After bonding, the specimens were left at room temperature 7 days for epoxy and 5 days for acrylic adhesive to be cured.
Test procedure
bonded specimens were put in a climate chamber at the -tioning, specimens were tested by means of tensile testing machine near to the climate chamber. The installation of a specimen up to the end of the test was done within 2 minutes. Temperature was measured using a laser thermometer at the surface of the specimen and only changed -ing machine out of the climate chamber. Seven specimens for each temperature were tested; Figure 2 shows the climate chamber beside the testing machine and the laser thermometer used.
The speed rate of the crosshead was set to 1.27 mm/ min. According to Wei et al. of the joints has a close relationship with the average stress level of the adhesive layers. Hence, the shear stress was considered regularly distributed over the bondline and calculated by dividing the recorded applied force by the two-sided bonded areas, i.e. 2 × 16 × 16 = 512 mm 2 . It is worthwhile to mention that all specimens failed either cohesively (CF) or special cohesively (SCF) (EN ISO 10365:1995 1995 , see Figure 3 .
Test results
The mean and standard deviation values of the maximum These values were calculated after checking that the test results are normally distributed and excluding the outliers of each group at the studied temperatures. Anderson-Darling test (AD-test) was used for normality (Romeu 2005) and outliers (the extreme values do not appear to repre--ance test (EPA QA 1998) as well as by Dixon extreme value test (Dixon 1950) . It has to be mentioned that AC/ EP indicate the acrylic/epoxy adhesives and 0.35/0.65 indicate the bondline thickness investigated.
Direct evaluation of the maximum shear strength values
The resistance of the adhesively-bonded joints or the shear strength of the adhesives can directly be evaluated To determine the characteristic and design values of the maximum shear strength results, the Bayesian method was applied. Once these values have been determined, the corresponding partial factors can be estimated. This procedure was also followed by Van Straalen (2001) . The characteristic and design values ,
R R can be determined by Bayesian method using the following equations:
in which: and R are the mean value and the standard deviation of the maximum shear strength of the adhesive.
, k t and , d t distribution to be used for estimating the characteristic In the absence of other information, the characteristic value is assumed to be at the target probability of 0.05 the target probability of 0.1% (Van Straalen 2001) . The degree of freedom ( ) equals to n n is the number of tests or the sample size. desired degree of freedom ( ) and the probability target can be determined by the use of Excel software or can be found in the literatures.
The characteristic and design values , 
Determination of the partial factor
The partial factor ( R ) of the shear strength of the ad--mated using Eqn (5) and its values are 1.08, 1.29, 1.08, and 1.13 for AC-0.35, AC-0.65, EP-0.35, and EP-0.65, respectively. 
Determination of the conversion factor
In EN 1990 EN :2002 EN (2002 , the conversion factor that takes the additional effects such as the moisture, the tempera-
In our case, the design value at any temperature can be related to the design value at room temperature by the conversion factor ; therefore, can be estimated by dividing the design value at each temperature by its value at the room temperature. To cover all temperature range studied, the minimum value has to be considered. The values of AC-0.65, EP-0.35, and EP-0.65 respectively.
Evaluation of the maximum shear strength values on the basis of an analysis model
The above procedures were applied on small populations. Each one was considered at different temperature. The sample size, therefore, was of seven values as maximum (when no outliers detected). The risk of using such small sample size is when there is an extreme value relative to the rest values of the data set which is not detected by the "checking of outliers" tests. Hence, the parameters of the normal distribution used will be affected by these extreme values. This will normally result in getting a high scatterband that will surely affect the characteristic and design values as well as the partial factor accordingly calculated. To avoid having such problem, using larger populations that contain same features of the samples is recommended.
In our case, four larger populations were created by merging the data obtained for all temperatures. Each of them has the results of the specimens of the same adhesive material and the same thickness of the adhesive layer. These populations are: AC-0. One of the methods to evaluate the results of the tests is the analysis model-based method that can be implemented by the procedures explained in EN 1990 in EN :2002 PhD-study has also developed a systematic approach for reliable design rules for bonded joints (Van Straalen 2001) . His approach is formulated to be used for all kinds of adhesive bonded joints under various actions and based on current knowledge about the behaviour of these joints and on structural reliability method.
The analysis models to describe these populations are formulated by considering that the maximum shear strengths are functions of the temperature, i.e. max f T ; therefore, the mean values of max ( ) at each temperature versus the corresponding temperature (T) were graphically plotted. The prediction models were then found by a regression analysis using Excel software as shown in Figure 5 (for AC-0.35(M) and AC-0.65(M)) and in Figure 6 (for EP-0.35(M) and EP-0.65(M)).
In this work, to evaluate the test results by the proposed models, the methodology developed by Van Straalen (2001) 
New data sets of the calculated multiplication factors i K will have been obtained and can be statistically treated.
By applying the Bayesian method, the characteristic and design values of i K can be determined. Table 2 lists the characteristic and design values of i K for each population.
The characteristic and design values of the shear strength at each point can be calculated by Eqns (8) and (9). The results are summarized in Table 3 . 
, ,
Determination of the partial and conversion factors: The partial factors R at room temperature that cover all temperature range studied were estimated by Eqns (5) 
Conclusions
In this paper, the investigations on the temperature effect on the shear strength of two structural adhesives, used for bonding lap shear galvanized steel joints, were performed. Two thicknesses of the adhesive layer were used 0.35 mm and 0.65 mm.
Two reliability-based methods were applied to evaluate the test results and to determine the partial factors of the limit states as well as the conversion factors of the shear strength of the adhesives.
Throughout the work, it was found that the partial factors, for AC-0.35, EP-0.35 and EP-0.65, obtained by the prediction model-based method are generally higher than those given by the direct evaluation method, however, for AC-0.65, a 10% higher value was recorded. Both for the studied adhesives. The difference between the conversion factor values of both methods was noticed to be relatively high. However, the values of the prediction model-based method seem to be more convenient and realistic than those obtained by the direct evaluation methmethod (direct evaluation method) to the extreme values which could not be detected as outliers to be excluded by the respective outlier tests; consequently, the determination of the design values was affected by the relatively large standard deviation of the scattered small samples at some temperatures. It is also clear that the conver--ily corresponded to the highest temperature as shown for EP-0.65 (Table 1) which can also be explained by the Among the available literature, only one case (conversion factor values of EP-0.35) can be used for the sake of comparing the results of this work. The factors of be in a good agreement when compared with the converAs a conclusion for all cases studied in this work, the direct evaluation method proposes a conversion factor of the temperature effect of 0.29 while the prediction model-based method proposes a more convenient value which is 0.69. Hartmut PASTERNAK. Prof. Dr-Ing. habil., Brandenburg University of Technology). He is involved in teaching, research and design of steel structures for more than 25 years. He is member in several National and International Committees (e.g. full member of the ECCS Technical Committee 8 "Structural Stability", member of German subcommittee DASt-Ri015 "Girders with thin webs", member of COST C25 action "Sustainability of Constructions", member of the working group Eurocode 3 "Crane supporting structures"). He has participated in numerous research projects (e.g. on thin-walled members, welding stresses and adhesive bonded joints). Under his supervision 10 PhD's were completed. He has more than 130 publications in Journals and at Conferences and is steel structures.
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